Abstract Tuberculosis is one of the common causes of fever of unknown origin in patients with chronic kidney disease (CKD). Extrapulmonary tuberculosis is more common in CKD patients, and is, unfortunately, often underdiagnosed despite extensive assessments. Recently, fluorine-18-deoxyglucose-positron emission tomography/computed tomography (FDG-PET/CT) has been available in the diagnosis of malignancy, inflammatory and infectious diseases, and has become a useful diagnostic tool. Here, we present two cases of endstage kidney disease who presented with fever of unknown origin at the time of dialysis initiation. In both cases, although interferon-gammareleasing assay was positive, combined conventional diagnostic modalities such as computed tomography and gallium-citrate scintigraphy failed to detect the sites infected with tuberculosis. By contrast, extrapulmonary lesions were detected by FDG-PET/CT and successfully treated with combined anti-tuberculous drugs. Diagnosis of extrapulmonary tuberculosis was confirmed by biopsy of the affected lymph node and lumbar spine, followed by PCR of the biopsied specimen. These cases highlight the importance of considering tuberculosis as one of the differential diagnoses in pre-dialysis CKD patients with persistent fever, and the usefulness of FDG-PET/CT in the detection of infectious sites of extrapulmonary tuberculosis.
Introduction
Tuberculosis (TB) is one of the common causes of fever of unknown origin in dialyzed and non-dialyzed chronic kidney disease (CKD) patients [1] . Recent clinical studies have shown that extrapulmonary TB is more common in CKD patients [2, 3] . The diagnosis of TB in CKD patients is often delayed because of their unspecific symptoms and negative tuberculin skin test results, reflecting impaired cellular immunity; host defenses against mycobacterial infection depend largely on cellular immunity [4, 5] . Diagnostic tools with high sensitivity and specificity are thus indispensable in the diagnosis of TB in CKD patients.
Recent advances in diagnostic tools and imaging techniques have drastically changed the diagnosis and management of TB [6] . Fluorine-18-deoxyglucose-positron emission tomography/computed tomography (FDG-PET/ CT) has been used as a useful diagnostic tool in the detection of malignancy, inflammatory diseases and infectious diseases including TB [7] . In addition, interferongamma-releasing assay (IGRA) has emerged as a useful detection assay for active and latent TB, with higher sensitivity compared with the conventional diagnostic modalities [8] .
Here, we report two cases of endstage kidney disease (ESKD) patients not on dialysis who presented with fever of unknown origin, and were finally diagnosed with extrapulmonary TB using IGRA, FDG-PET/CT and percutaneous biopsy and were successfully treated with antituberculous drugs.
Case reports Case 1
An 83-year-old woman with CKD stage G5 (estimated glomerular filtration rate: 6.0 mL/min/1.73 m 2 ) received thorough review for persistent low-grade fever and lower back pain at our hospital. She had been treated with conservative treatment for CKD as an outpatient since she was 72-year old. The underlying kidney disease was hypertensive nephrosclerosis. She had a history of pulmonary TB, invasive pulmonary aspergillosis, and chronic urinary tract infection with multi-drug-resistant Escherichia coli. She was initially diagnosed as having TB, contracted 15 years prior to admission, by computed tomography at another hospital. She did not receive anti-TB treatment at that time. She had a history of gastric carcinoma 10 years prior to admission. Her height was 163 cm and her body weight ranged between 45 and 47 kg. Her body mass index was *17 kg/m 2 for the last 5 years. On admission, her body weight was 43 kg. She showed a relapsing fever (37-38°C) and night sweating lasting for 6 months with slightly increased serum inflammatory markers, and high serum creatinine (Cr) and blood urea nitrogen levels. Laboratory data at presentation are shown in Table 1 . Computed tomography did not show any lesions that could be causing the fever. Gallium-citrate scintigraphy showed no accumulation of the radioisotope in the whole body. IGRA (QuantiFERON-TB-Gold) was positive. Acid-fast stain of sputum did not reveal Mycobacterium. However, real-time PCR for TB was positive in one of the three distinct liquid cultures of sputum. An FDG-PET/CT was performed to determine the origin of the fever of unknown origin. An FDG-PET/CT disclosed the increased uptake of 18-fluorodeoxyglucose in the paraaortic lymph node, mesenteric lymph nodes and lumbar spine (Fig. 1a-d) . Histology based on specimens obtained from a percutaneous lumbar spine biopsy showed recruitment of epithelioid cells and formation of multi-nucleated giant cells positive for CD68 without necrotic change (Fig. 2a-c) , although Ziehl-Neelsen staining did not reveal acid-fast bacilli and fungus. However, the acid-fast culture of the biopsy specimen and sputum identified Mycobacterium tuberculosis. She was finally diagnosed as having active TB of lumbar spondylitis and lymphadenitis.
Combination therapy with rifampicin, isoniazid and moxifloxacin for 2 months followed by 4 months of rifampicin and isoniazid therapy was initiated, and the fever rapidly subsided. An FDG-PET/CT performed after 6 months of treatment revealed disappearance of increased fluorine-18-deoxyglucose uptake in the para-aortic lymph node, mesenteric lymph node, para-hilar lymph node and lumber spine (Fig. 1d-f ). Fever did not relapse. Anti-TB treatment did not halt the progression of CKD. The slope of 1/Cr did not change significantly after treatment with anti-TB drugs. Eight months after anti-tuberculosis treatment, she started maintenance hemodialysis for ESKD and is now on dialysis without relapse.
Case 2
A 56-year-old man with CKD stage G5 (estimated glomerular filtration rate: 5.7 mL/min/1.73 m 2 ) was hospitalized for persistent low-grade fever. He developed phlebitis of unknown etiology in the lower limbs at ages eGFR estimated glomerular filtration rate, IGRA interferon-gammareleasing assay 34, 37 and 42. He received Y-graft replacement for an abdominal aortic aneurysm at age 47. At the time of operation, he was diagnosed as having CKD of unknown cause, and started to visit the nephrology department thereafter. At age 54, his serum Cr level was approximately 5 mg/dL. Two months prior to admission, he repeatedly developed a high fever (38.7°C) that spontaneously subsided and showed a persistent increase in serum C-reactive protein levels (2.8-4.1 mg/dL) and ESKD (serum Cr: 9.6 mg/dL). Accordingly, he was hospitalized for evaluation of the persistent fever and for induction of renal replacement therapy for ESKD. He showed a slight fever and slightly increased serum inflammatory markers with high serum Cr and blood urea nitrogen levels. Laboratory data at presentation are shown in Table 1 . A chest X-ray and computed tomography did not show any lesions that could be causing the fever. Gallium-citrate scintigraphy showed no accumulation of the radioisotope throughout the body (Fig. 3a ). An IGRA (QuantiFERON-TB-Gold) result was positive, although he did not have a previous history of TB. An FDG-PET/CT disclosed the increased uptake of fluorine-18-deoxyglucose in the bilateral cervical lymph nodes (Fig. 3b) . Neck ultrasonography showed enlargement of bilateral lymph nodes (Fig. 3c) . Histology based on specimens obtained from a percutaneous cervical lymph node biopsy showed recruitment of epithelioid cells and formation of multinucleated giant cells with caseous necrosis (Fig. 4a, b) , although Ziehl-Neelsen staining did not reveal acid-fast bacilli and fungus. However, the acid-fast culture of the biopsy specimen detected Mycobacterium tuberculosis. He was finally diagnosed as having active tuberculous lymphadenitis.
Combination therapy with rifampicin, isoniazid, pyrazinamide and streptomycin was initiated, and the fever disappeared. During hospitalization, he initiated maintenance hemodialysis therapy for ESKD and is now on dialysis without relapse. 
Discussion
Here, we described two cases of pre-dialysis ESKD patients with tuberculous lymphadenitis or tuberculous spondylitis who presented with fever of unknown origin. In Case 1, para-aortic and mesenteric lymphadenitis and lumbar spine TB were detected by FDG-PET/CT and confirmed by lumber spine biopsy and PCR. In Case 2, cervical lymphadenitis was successfully detected by FDG-PET/CT and confirmed by histology and culture of the lymph node biopsy specimen. Histological findings of both cases showed granuloma consisting of epithelioid cells, indicating active TB. Both cases were successfully treated by a combination of anti-tuberculous drugs, followed by initiation of maintenance hemodialysis therapy for ESKD.
FDG-PET/CT has become a useful diagnostic tool for detecting the site of various diseases and rating disease activity [9, 10] . Because sampling from the infected sites and detection of Mycobacterium tuberculosis by culture or PCR are the cornerstones for the definite diagnosis of TB, localization of extrapulmonary TB is a critical issue. There are several imaging modalities, such as ultrasound, computed tomography and magnetic resonance imaging, which rely significantly on morphological changes and fail to detect changes at molecular levels [11] . By contrast, an FDG-PET/CT can detect increased glucose metabolism at molecular levels and can identify multiple occult foci of TB involvement in a single study and lead to prompt and accurate diagnosis [12] . Although an FDG-PET/CT does have several limitations, such as high cost, low availability, and confounding by diabetes mellitus, FDG-PET/CT provides substantial benefits for CKD patients with fever of unknown origin including extrapulmonary TB.
Among the several diagnostic modalities for active TB, IGRA has been increasingly used in patients suspected of active TB [13] . A tuberculin skin test, which is often used in the general population, is less useful in hemodialysis patients because impaired cellular immunity yields a high prevalence of false-negative results [3] [4] [5] . The principle behind IGRA is to quantitatively assess activation of monocytes by measuring the amount of interferon-gamma released from CD4-positive lymphocytes exposed to specific antigens that are related to Mycobacterium tuberculosis: early secreted antigen target 6 and culture filtrate protein 10 [14] . Importantly, IGRA does not respond to other mycobacterium species, even Bacille CalmetteGuerin, enabling the use of IGRA instead of the tuberculin skin test for patients previously vaccinated with Bacille Calmette-Guerin.
One of the major drawbacks of IGRA is that IGRA cannot distinguish active TB from latent TB infection based on its mechanism [13] . In a strict sense, a positive result with IGRA indicates either active TB or latent TB. In this regard, positive results of IGRA do not confirm diagnosis of acute TB infection. Thus, the gold standard diagnosis is still the detection of Mycobacterium tuberculosis by culture or PCR using infected samples [8, 15] . In the present case, both patients were negative for tuberculin skin tests, while IGRA was positive, suggesting that the attending physicians consider the possibility of active TB as the potential cause of the fever of unknown origin, although a positive result with IGRA does not confirm the presence of active TB. The sensitivity of IGRA is much higher than that of the tuberculin skin test, making IGRA a more useful supplementary tool in the diagnosis of active TB [13, 16] . TB is a very important cause of fever of unknown origin in CKD patients [1, 13, 17] . TB has now been considered as the re-emerging infection worldwide. The prevalence of latent TB is extremely high in pre-dialysis and dialysis CKD patients [13, 18] .
Extrapulmonary TB is more common in CKD patients, although the reason remains unclear. Because extrapulmonary TB often accompanies non-specific signs and symptoms, it is often undiagnosed and leads to delayed diagnosis, followed by deterioration in the patient's nutritional status [13, 19] . In the present cases, both patients showed non-specific symptoms including fever, body weight loss, loss of appetite and night sweats, and these symptoms did not directly identify the cause. Physicians should consider the possibility of extrapulmonary TB when they encounter patients suffering from these above-mentioned non-specific symptoms.
It remains unknown why TB is often reactivated or newly infectious at the time of dialysis initiation. Several studies have reported that more than half hemodialysis patients were diagnosed with TB within 1 year after hemodialysis initiation [17] . A reason may be that the impairment of cellular immunity reaches its maximum at the time of dialysis initiation, because cellular immunity plays important roles as a defense system for organisms living in intracellular spaces, like TB [4, 5] . In CKD, the cellular immune system is shown to be partly impaired by retention of uremic toxin, as evidenced by attenuation of tuberculin skin test [15, 20] . Serum calcitriol, which is important for macrophage lineage cells in the prevention of TB reactivation, decreases in patients with CKD, especially in ESKD patients [21] . Once renal replacement therapy is initiated, retention of uremic toxin gradually attenuates, cellular immunity slightly improves, and the use of calcitriol or its derivative may increase for controlling secondary hyperparathyroidism. Accordingly, we speculate that the risk of developing active TB or reactivation of TB reaches its peak around the time of dialysis initiation.
The contribution made by other important risk factors other than CKD to the recurrence of TB is an important topic of debate. Previous reports have shown that age, old tuberculosis, human immunodeficiency virus infection, CKD, infliximab therapy, poorly controlled diabetes, silicosis, underweight and gastrectomy are relative risks of reactivation of TB [22] . Most of these risk factors are closely associated with impairment of the host immune system. Gastrectomy may be related to impaired immunity through malnutrition. Among these risk factors, our case was complicated by the patient being underweight and having had a gastrectomy. Because our patient had suffered from several diseases, including pulmonary invasive aspergillosis, CKD, chronic urinary tract infection and distal gastrectomy for gastric cancer, these co-morbidities might have promoted sustained malnutrition, finally contributing to the recurrence of TB.
Previous studies have shown that TB occasionally involves the kidneys directly; for example, tubulointerstitial nephritis and glomerulonephritis [23] . Treatment with anti-TB drugs improves kidney function in patients with renal tuberculosis [24] . In the present cases, FDG-PET did not show hot spots in the bilateral kidneys, indicating that TB did not involve the kidneys. Kidney function did not improve after treatment with anti-TB drugs, although fever subsided and general conditions improved. Furthermore, the progression of CKD did not accelerate after TB treatment, although some anti-TB drugs can induce kidney dysfunction [25] . These results indicate that TB did not involve the kidneys and TB treatment did not affect the progression of CKD in our cases.
In summary, we report two cases of ESKD patients with tuberculous lymphadenitis and lumber spine TB which were successfully detected by FDG-PET/CT, and the diagnosis of active TB was confirmed by histology and culture of infected specimens. While the routine utilization of FDG-PET/CT cannot be justified owing to its limited availability and high costs, combined FDG-PET/CT and IGRA can serve as powerful supplementary tool in the early diagnosis of extrapulmonary TB in CKD patients with fever of unknown origin.
